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ABSTRACT 

The relationship between high technology companies 
and educational institutions in northern Santa Clara County, 
California, a major center of technologically sophisticated industry, 
was studied. Attention was directed to the way that educational 
institutions in Silicon Valley are changing to meet the demands of a. 
transforming technology. Over 100 interviews were conducted in 19&1 
with the officials from education, industry, and government, and 
documents were reviewed. It was found that public schools have been 
the least responsive and that elite institutions of higher education, 
especially Stanford University, have the most responsive to the 
demands of the high technology economy' in Santa Clara Valley. 
Community colleges and four-year universities are making efforts to 
develop or expand programs congruent with the needs of ' science7based 
local industry. These institutions are struggling to find the 
staffing and resources needed to establish and maintain the programs. 
Industry managers who were, interviewed generally did .not believe that 
an infusion of funds was necessary to upgrade and redirect the public 
school curricula. Executives were more willing to donate funds, 
personnel, and equipment to community colleges and universities- 
because students were closer in age to starting employment and 
because funds could be easily targeted to specific programs. Rapidly 
developing industries like electronics have special characteristics 
that create strain for industry-education relations. Undergraduate 
student enrollments in engineering and computer science are growing 
in Santa Clara Valley, but the current output of students from 
undergraduate and graduate programs is not keeping pace with the 
demands of rapidly growing industry. (SW) 



********************************************************************* 

* Reproductions supplied by EDRS 'are the best that can be made 

* from the original document. 

********************************************************************* 




EDUCATION AND HIGH TECHNOLOGY INDUSTRY: THE CASE OF SILICON VALLEY 

Summary of Research Findings 

r 

'Dr. Elizabeth Useem 

August, 1981 * 




TO THE EDUCATIONAL RESOURCES 

Information center (ERicv 



U.S. DEPARTMENT OF EDUCATION 

NATIONAL INSTITUTE OF EDUCATION 

EDUCATIONAL RESOURCES INFORMATION 
if CENTER (ERIC) 

w "Th« document ho* beon reproduced as 

recoived from tho penon or organization 

originating it. 

Minor changos havo boon mado to improve 
reproduction quality. 

• Points ol yiow or opmioni stated 10 vhia docu 
ment do not noceasanly represent official NIE 
position or policy 



1981-82 Faculty Associate, Institute for the Interdisciplinary Study of*' 
Education, Northeastern University, 404 UO, 360 Huntington Avenue, Boston, 
Massachusetts 02115 617-437-3785 .(Home) 617-527-1247. 



2 



\ 



I 



i 



Th. economy of industrialized netiona ia undergoing a profound trana- 
formation. Varioualy labalad eha "new Industrial Ravolution," the "electronics 
revolution," the "new information economy," the "computer revolution," and the 
f'AfO of the Integreted Circuit," the Impect of edvenced electronic technology has 
klreedy altered prbducta f rom wrietwatchae to office machines to space vahiclea. 
tigh technology induatry ia the faataat growing aactor of the U.S. economy 
and ita alreedy wideapraed Impact promiaea to become even more profound in the 

I future. * 
! Thia raaearch study "focueae on the relet ionahip between high technology 

coapaniee and aducetional Inatitutions |a California's northern Sante Clere 
County, a major canter of technologically sophisticated induatry. The eree is 
che home of the nation's semiconductor industry, the foundation of electronics 
todey, and one that ia undergoing continuoua expansion. Thia study explores 
the degree and manner in which educetionel institutions in Silicon Valley 
ere changing to meat the demanda of a transforming technology--, technology 
that may produce chengea that "literally match those of the steam engine." 
Over one hundred interviewa with officials from education, induatry and govern- 
ment were conducted between January and July of 1981, and a range of related 
documenta waa aaaembled. 3 A comperative study of the aree near Route 128 in 
Massachusetts, the other major center of high technology induatry. la planned 

♦ 

for Fell, 1981. 

Santa Clara Valley is an idael piece to examine the impect of new tech- 
nological force, on' educetionsl practicea. It is relatively" self-contained. 
25 mile, in length and 10 milaa in width (from Palo Alto to San Jose), with j 
over 500 high "techno logy f irma which employ 17 percent of the labor force of 
the county (compered to 2 percent for the U.S.); 4 it is projected to employ up 
to one third of total employment in the county by 1985. The extraordinary 
expanalon of the electronica induatry accounta for the fact th.t the economy 
of the county hea been the moat rapidly growing in *he country since 1975. and 
on a per capite beals it hea become California's most affluent metropolitan 
eree. 6 Lower growth ret., in the future, however., are projected pertly because 
of . shortage of both affordable houaing and of skilled personnel. Local 
educetionel and training inatitutions have not produced graduates in technical 
arena nearly feat enough to keep up with the personnel demand, of high technology 
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firm, and the formidable rise in tha coat of housing In the last few years has 
made recruitment of outsiders increasingly difficult. Given these conditions— 
an affluent, easily Identifiable geographic area dominated by rapidly growing 
high technology f irme experiencing e severe labor shortage--one would expect 
educational institutions in the county to be Influenced by and reaaonably res- 
ponsive to the changing needs of these companies* If curricula reflecting the 
new revolution In technology were to be found anywhere,, the schools in Silicon 
Valley should be the place. 

Tha responsiveness of educational institutions to local economic forces 
depends, of course, on tf>a level of education. The public schools (kindergarten 
through twelfth grade) , ccnminlty colleges, and four year colleges and universities 
operate in varying social, financial and political contexts, and thus it is 
necessary to divide our discussion among these levels. 



I. THE PUBLIC SCHOOLS 
It waa anticipated that the public schools would be the most resistant to 



market forces, and this expectation was confirmed by the study, kt schools were 

Indeed responsive to major changes In the corporate order today, ^ we would 

expect to see strong mathematics and science programs at the elementary and 

high school levels; expanding industrial arts and vocational courses in such 

fields aa electronics, computers, drafting, machining and welding; and the 

widespread, organized adoptions of computers for student use. The evidence 

suggests 1 just the opposite. The Santa Clara Valley schools are vexed by the 

same problems that plague schools elsewhere in California and the nation. 

A variety of indicators reveal that academic achievement in California . 

schools has dropped below the national average The state's high school 

12 

dropout rate ia over twice the national average; achievement scores for 

1979-80 twelfth graders put them in the bottom one third of students nationally 

13 

in reading and written* expression and in the 42-44th percentile^ln math; 

the SAT acorea of University of California first year students have declined 

14 

faater in recent years than tha national average; and California students 

take significantly fewer academic courses compared to students in other states. 15 
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Educators believe the ecedemic decline is attributable in part to. a lowering of 
ecedemic requirement* and expectation, which occurred between the mid-1960s and 
.early 1970e. both in the school, themselves and in the admission, standards of 
the University of California and the California state college system. The 
fact that California ha. plummeted to a po.ition of 44th among the state. In it. 
share of Income 'devoted to public school, is also cited as a cauae for the 
decline, 17 perticularly since financial cuts brought about by Prosposition 13 
and other measure. have led to a shortsning of the school day and an Increase 
of class sise in many di.trict.. The state has one of the highest pupil-teacher 

ratio. In the country. 

nationwide, there i. increasing awareness that a crisis is developing in 
..thematic, and science education. Enrollment. In mathematics and .cienc. courses 
ere low (especially when contraeted with those in Japan, the Soviet Union and 
Waat Germany) . achievement ts.t .core, in mathamatic. and .dene, have declined 
since the 1960s, t.echers In those fields ere leaving In large numbers for better 
paying Job. in indu.try. and veteran te.ch.rs .re b.ing tran.f.rr.d into mathe- 
maclcs «nd .cience course, which they ere poorly prepered to Instruct. The 
pool of newly trained mathematics and science teecher. is virtually nonexistent. 
In California, the problem i. even greater since secondery students are l*aa U**y 
to take advenced mathematics and .cience courses than their counterperts In other 
stetes. According to Miche.1 Kir.t. P..t President of the California State Boerd 
of Educetion and Professor of Educetion et Stanford University. 65 percent of 
•mU .tudent. and 45 percent of f emele student, netionwid. take four or more yeers 
of methemetic. compered to 53 percent of California's males and 32 percent of 
California's female secondery students. Only 5 percent of the stste's pupils 
take trigonometry. In science, only 15 percent of the male students and, 7 percent 
of the femeles In California take three or more yeers of high school science, 
about half the comparable percentege. n.tionwidet 9 A study of California elemen- 
tary schools found that stud.nt. engege In .ci.nce ectivities on everege only 
44 minutes per week? 0 A report of the California Stat. Dep.rtm.nt of Eduction • 
ecknowledged that on the whole, "science education is struggling In many of the 
school., particularly in klnd.rg.rten through grade six." Nineteen percent of 
the school districts in th. .tats have med. cuts in science program, end 12 percent 
heve exp.ri.ncad some reduction of m.theaatics course, .s a result of Proposition 

- 22 
13 budget cuts. 
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Th* schools la Santa Clara Vallay reflect these national an<L state trends. 

Administrators In four the the eight secondary school systems studied In the Valley 

reported that student enrollments were declining In either advanced mathematics 

or science courses* a drop exceeding the dramatic overall decline In enrollment 

of pupils in many of theae achoola. ("Student a don't want to work that hard 91 

lamented th* administrator of a high school in one of the area's moat affluent 

high achoola.) ~ Only one school official claimed that there was increasing 

popularity o|f advanced mathematics and science coureee among secondary students 

in hie district. Six of the eight high echool districts surveyed are losing 

mathematics and science teachers to better paying jobs in industry. Many of 

the dietricta have laid off all their younger teachers, including mathematics 

and science instructors, aa a result of budget cuts end/or declining enrollment. 

One large echool diatrlct in the heart of Silicon Valley has laid off all teachers 

hired after 1968. In all. of the echool districts, veteran teachers who are not 

truly qualified tp teach mathematics an$l science courses are being assigned to 

instruct them. All of the administrators interviewed agreed that it is difficult 

to hire newly trained teachers in the area of mathematics and science Since^the 

pool of eligible applicants is so small. Indeed, San Jose, State University has 

graduated only nine students in the laat five years qualified to teach the physical 

sciences in secondary echool. In 1980, the University's secondary education 

program had three graduating students credentlaled In mathematics, ten In the 

23 

life sciences, end two in the physical sciences. Stanford University graduated 

even fewer in 1981— three in science and one in mathematics. Public school 

administrators Interviewed were also concerned about the^ quality of recent 

education graduates. Their fears are confirmed by national data showing SAT 

acorea of 418 in mathematics and 389 in verbal aptitude among 1980 high school 

24 

seniors who planned to major in education. 

It la important to keep in mind that the average achievement score| of 
Santa Clara County students are high compared with those of other California 
students. The school districts in the wealthiest areas—Palo Alto, Saratoga- 
Los Gatoa, Loa Altos-Mountain View, Fremont Union (which includes Sunnyvele 
end Cupertino)— have achievement acoree that average from the 92nd to the 99th 
percentilee on a atatewide basis. Secondary students in the area 9 s largest 
school district, San Joae Unified, also rank high, near the 80th percentile, 
in achievement teet scores. Only one of the secondary school districts studied 
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had tMt .cor., .waging below the 30th percentile? 5 Nevertheless , the problem 
of retaining" and hiring qualified teachare i. a growing on. for moat of these 
district., and on. that may lower futura achievement lavala. The magnitude 
of budgat cute la Urga and can ba expected to hava a dapraaalng af f act on 
aeudant laarnlng. Th. Pra.ld.nt of tha California Taachars Aa.ocU.tad ha. 
r.cantly pointed out that 11 bufW thra. of tha 33 Santa Clara County achool 
dlatrlcta rank below atata and nJlonal avaragaa In par pupil expenditurea. 
Tha ahortanin. of tha .chool day In two dlatrlcta 2 ! tha layoff, of .11 llbr.rlan. 
and counaalor. in anothar diatrict. and th. axpen.ion of cl... alaa. «d ellmina- 
tion of small advanced claaaa. In ttany dlatrlcta ara examplae of tha kind, of 
reduction, that ara being mad.? 7 This 1. hardly an atmo.phare conducive to 
otrenshenlng and expanding aolid academic couraaa. 

The condition of lndu.trlal art. cour.aa and vocational education program. 
1. alao problematic. Tha aducetor. interviewed in thla fiald were the mo.t 
pa.el-i.tic of any group .urv.yed in thi. .tudy. Budg.t r.ductlons hava hit 
thaae program. eap.cUlly hard. A .urv.y by th. California T.echer. A..ociation 
found that on. out of .v.ry four .chool di.tricta In th. at.t. had cut back 
on vocational education and induetriel art, courses as a ra.ult of budg.t re- 
duction, easociet.d with Propo.itlon 13? 8 M«y achool district. have .horten.d , 
th. high .chool day by eliminating or meking optional th. sixth period, a 
policy that ha. forcad reduction. In lndu.trlal arts alective. typically 
offered In that period. There 1. no longer a sixth p.riod d.y for juniors and 
•eniors In th. Sen Jo.. Unified School 'District . and sixth period classes are not 
available to all eleventh and twelfth grade students in th. Eaat Side Won High 
School District in S.n Jo...\ There i. ^ttl. money alloc.ted to purchase 
new .quipment. At th. R.gion.1 Vocational Canter in San Josa, a highly regarded 
.chool ..rving six school di-trict. which of fars program, in such high demand 
field, a. computer operating and alectronics, th. c.pit.l outley budget has 
baen sighed from approximately 983,000 to almo.t nothing. Lack of new equipment 
will .oon bagln to Impair th. quality of In.truction offered at th. .chool, in- 
eluding .ome program. u..ful to high technology indu.try .uch .. machine ahop and 
• welding* 

to th. .fflSnt „orth.n»o.t p.rt of S«,t. CLr. County, th. „talnl.tr.tlv. 
,t.ff o f th. R..10..1 0«»,.tion.l Progr.* (HOP) , »hlch ..rvic.s thr.. high school 
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districta^'has been cut from nvn to on. and the program has also suffered 
from tha same extreme drop in anrollaant experienced by all ^ciools in that 
araa* Paw program ralavant to high tachnology employment are now offered by 
tha ROP, and tha local achoola are unwilling to atart new innovative industrial 
arte. courses in tha face of budget cuts and low student demand. Aa the locel 
high schools cut tha couraaa that are prarequiaitaa for tha mora advanced ROP 
courses, usually ft fared at sites sway from students' home high schools, the 
ROP courses either fell by the wayside or ere taught at a mora elementery level. 
Tha drop In. federal funds for vocational aducetion has also hurt these programa. 
Qualified teachara, lured by higher salaries In lnduatry, are scarce and turnover 
is high. For example, In the North County ROP, instructors for the electro- 
mechanical drafting class frequently come and go, and in the last round of 

« 

hiring, there wea only a alngla applicant for the poaition. Moreover, a aurvey 
of the cerear plana of over 9,000 students in the ninth and eleventh gredea 
In North County achoola (Fremont Union, Pelo Alto Unified, and Loa Altos-Mountain 
View Onion) ahowa no aignlficant Interest In scientific or technicel careers. 
Like student • everywhere in the U.S. , the moat popular cereer choices were 
performing ertiat, doctor, pilot, lawyer, end professional ethlete. Electrical 
engineer ranked eleventh on the liat and electronic technician placed 42nd. 

There era soma atrong Industrial arte and vocational courses relevant to 
careera in electronica firms such as tha netionelly recognized electricity/ 
electronics curriculum of San Jose's East Side Union High School District and 
eeveral' programa at the Regional Vocationel Center in San Joae. But efforts 
to disseminate tha East Side curriculum elsewhere in the Valley have met with 
only limited auccaaa. "Education is in e dismantling mode," said one education 
official, lamenting the failure of other school districts to adopt such a 
promising curriculum. The feet that $100,000 worth of electronics equipment 
alta idle in e high school classroom only several fililea from some of "the leading 
high technology compenies is mute testimony to the gap between high school 
training programs and industrial naeda. More ironic, the electronica Instructor, 
recently leid off from the high school in a round of budget cuts, now helps 
manage training programa for electronics technicians In a nearby semiconductor 
company. 

One bright spot in an otherwise bleak picture is the exponential growth in 

8 
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th* us* of microcomputers in th* schools la ths Ust three yesrs. There is e 
grase roots movement among Interested teachers end administrators (and parents 
in some systems) who ere enthusiastically supporting the edoptlon and expansion 
of computer curricula in the schools. Journals, newsletters, conferences and' 
trelnlng programs for teachers In this field have abounded in the laat couple 
of years. Educators In Santa Clare Valley ere among the national laedera In 
organising *nd promoting the uaa of microcomputers for educational purposes . 
School teachers in the county have formed the Computer -Uaing Educators (CUE) 
group which has a membership of over 700 people in 29 states. The founder of 
the group, William J. Wagner, haa been hired full time by the Santa Clare County 
Office of Educetlon to help schoola aatabliah computer curricula. The programs 
In some school systems (e.g. Cupertino, Palo' Alto) have received national 
attention. All of the admlnlatratora Interviewed reported that their districts 
ware la the process of adopting or expending microcomputer progrems. Host of 
theee districts have had to raise money from outside sources (often federal 
granta) or uaa money from School Improvement Program funds, Mentelly Gifted 
Minor programs or perent, aasociatlona to buy the computers. Few districts 
have enough money in their reguler budgets, for 'such purchaaea. 

There la, however, a apotty quality to the rete of adoptions of computers 
for Instructional purposaa in the county. Some towns have alementery achoola 
with excellent programa, but there is little or nothing available at the junior 
high or high school level. In other towns and cities, the high school may encourage 
the use of computers but there Is no use of computers at lower levels in the « 
system. This hit or mi*a approech, which depends very much on whether or not 
there is an enthuaiastic, skilled teecher or administrator (or parent volunteer) 
In the achool, contraats with that of aaverel other states, notably Minnesota, 
which haa a centralized, coordineted atate-wlde program for instructional computers. 
In California there has been no real atate support or leadership— educstors end 
perent* heve been on their own In seeking to establish or upgrade such programs . 
It is remerkable that, in aplta of this, thsjre ds so much excitement and effort 
In thia area of pedegogy. Still relatively few students in the Valley have been 
exposed to computers on any regular basis, but, .despite the gloomy predictions 
by many educators interviewed In this study, who cited teacher resistance and 
funding problema, this situation may change significantly within the next few 
yeera. If a stable source of funding were forthcoming, the rate of adoptions 
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would undoubtedly occur at a ouch faetar pace. 

At a tlma whan high technology flraa la Silicon Vallay ara anticipating a 

31 

continued long, ranga damand Cor scientific and tachnlcal manpowar , It appears 



that the local public school! have a reduced capacity to respond to that demand. 
Hot only ara the schools constrained by fiscal austerity, th^y must also cope 
with a variety of new demands on their finances and energy— special education , 
bilingual inat ruction, competency tasting and remediation in basic skills. These 



new mandated programs, however meritorious In their own right, limit the schools 9 
ability to 'upgrade and Innovate in curricular matters. Moreover, public schools 
have a relatively decentralized power structure and have multiple constituencies 



with competing demands/ making it difficult to respond effectively to the needs 

32 

of any interest group. 

Industry has bean responsive in a limited way to soma of these problems 
. In the public schools in Santa Clara County In parf by drawing upon the tlea ^ 
it has long maintained with the system. The best established ties between 
schools and local Industry are the advisory councils mandated by state law in 
vocational education programs. Both industry officials and vocational educators 
teemed aatiaflad with this relationship whereby representativea from employers give 
advice on the organization and content of apacific programs and courses. In some 
instances, local firms donate equipment to the schools. Many companies have 
participated in career daya and have organized plant tours for years. Another 
obvious but mora recent link between the firms and schools Is the Industry- 
Education Council (IEC) of Santa Clara County, a group formed three years ago. 
The organization la a chapter of the Industry-Education Council of California 
founded eight yeara ago by large employers such aa the Bank of America and Pacific 
Telephone. The Council la a voluntary association made up of representatives from 
business, achoola (K-12, coununlty colleges), labor, and government, and Is 
funded by dues paid by member organizations, corporate contributions and government 
grants. Host observers feel that the specific programs of the group, which have 
mostly cantered on the needs of low Income youth, have been. successful. They 
alao point out that I^C meetings provide a neutral ground where educators and 
Industry representatives can discuss mutual concerns. Almost all of those Inter- 
viewed, however, believe that the IEC in Santa Clara County at this time is not 
a powerful vehicle for the promotion of educational change or cooperation between 
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Industry tad •ducat ion*. 1EC officials thamsalvaa ara tha firat to admit tha 
difficulty of ovarcomint inatitutional Inartia and cross*sgsncy suepiciona whan 
fomlng a consortium to workman even a small, focusad projedtl Soma of those 
intarviavad fait that tha organisation had tha potential to play an Important 
laadarahip role on educational mattara in tha Velley. Statewide, the IEC enunciated 
support for public aducetion (May. 1980) ahortly before the vote on Propoaition 
9, which would have mandated a cut in tha atate Income tax. and tha organisation 
waa able to muatar tha active support of eight companies (including two Siiican 
Valley fima) in lobbying for a 10 percent increese in the state's 198J.-82 budget 

for public educetion. 

Like most other bualneaaaa In tha atata, high technology induatry haa not 
been en ective participant in ahaping aducetionel policy In ^he stete legislature. 
In fsct. Silicon Vslley firms, with s few exceptions, have been even leaa concerned 
with public education than other buainaaa sectors. v Some obaarvers sxplsln that 
thaaa compsnies. msny of them new and rapidly growing concerns, have been so 
busy developing and msrketing their own producta thay have not hed the personnel ^ 
or energy to think about breeder aocial laauaa. Compared with more established 
traditional'xompaniaa. thay lag In contributions to and involvement In the arts 
and chsritsbla organisetions. Others feel that there ia so much competition among 
compsnies for personnel (and aometimaa for product markata as wall) that it is 
difficult for them to unite on queations of schooling policy-or on almoat any 
social laaua for that matter. Only recently have they been organized by the 
Santa Clara County Manufacturing Group to work on local naeda in housing, trans- 
port at ion and energy. A recent atatewlde buainass-educetion conference sponsored 
by the powerful California Roundtable had few high technology participants. Simi- 
larly, theaa firme' abaance from atate IEC lnitiativea Indicates their low profile 
on educetional mattara. Tha high technology companies were lergely silent on 
Proposition 13 and Propoaition 9. tha two major tax cutting proposals on the ballot 
since 1978. An effort In the eerJLy months of 1981 by educators at" San Josa State 
Univereity and Sen Mateo County Office of Educetion to mobilise Silicon Velley 
induatry aupport for Improved acience educetion resulted In three meetings character- 
ized by low turnout (only 15 of 100 compenies responded) and little consensus on 
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remedies. 



There ia some variation among the high technology companies in the Intensity 
and acopo of their intereat in public education. Some firms are concerned only 
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with developing a •pacific labor supply fot £halr company's shore cam needs, « 
wharaaa othar bualnaaaaa caka a broader' view of school functions that stresses^ 
the need for an intelligent citixenry. Soma compenles maka token efforts to 
halp schools but do so only to amballlsh thalr own community image. Many in < 
tha lnduatry want to improve ties with schools but do not know how to go boyond 
traditional participation In caraar days and plant tours. To bo sura, there ara 
soma auccaaaful programs in Santa Clara Vallay linking schools and Industry In 
addition to those supported by tha local Induatry-Education Council. For . 
example, IB* has ln-sarvlca training daya for local vocet^fcfel aducatipn taachars, 
it sanaa employees to taach aconomlco coursaa la Junior high schools as part 
of "Project Business," and it takaa a laadarshlp rolo In "Junior Achievement" - *fj> 
programa in high schools. Xntol has donatad equipment to local high schools,/^ 
sponsors acianca fairs, and plana a mora in tana iva affort to ' conmnplcete tha 
Industry's needs to high school counselors. Seven companiaa In tha araa (and/ 
poaaibly aa many as twelve avantually) hava contributed tha equivalent of 
9400,000 In loanad paraonnal and aquipmant «to sot up echodls-wit!!in-e-echool 
In two naarby San Matao County high schools. Tha projact, sponsored by the Mid- 
Pan insula urban Coalition, will focus on teaching computer technology and 
electronics technology to pOjtktial high school dropouts. Slgnotlcs is planning 
to support an in-service summer training program in semiconductor technology 
for high school electronics teachers in cooperetion with San Jose Stete University. 

^ Of ell the companies heedquertered in the V%llay, Hewlett-Peckard is 
tha undisputed leeder in fostering industry-education tiee. William Hewlett*" 
and David Packard have a longstanding personal Interest in education; their . 
Interest haa left its merk on company* policy. David Packard, for instance/ 
spent ten year's on the Pelo Alto Bberd of Educetion. Unlifce. most companies, 
Hewlett-Peckard has a number of iull time employees who devote substentiel ^* 
portions of thalr time to improving their contect with public schools. A com- 
Mltt ** °' t0P MMCUtiVM ig curt «»tly examining ways in which the firm and the 
Industry can provide more support for public education. It has lobbied for 
increased^ expenditures of stete funds for educetion and waa the only high 
technology cqmpany in the Valley to donete money in oppoeition to Proposition 13? 4 
Among other projects, it hes loaned personnel and given equipment in support 
of e new dref ting curriculum being developed at Best Side Union High School 
District in. Sen Jose end* tha programs in computer and electronics technology 
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sponsored by the Urban Coalition. Gifteif students 'from high schools In the 
Fremont , Union*<High School District use Hewlett-Packard lab's *at night for «om- „ 
puter training classes . Intensive career awareness programs at several area 
high schools have been organized by. the company and it has fostered an "adopt- 
a school" relationship at two Santa Clara high schools. Company officials have 
been instrumental In building the local" Industry-Education Council. 

With the exception of Hewlett-Packard (IBM is of ten mentioned) , high 
technology firms have devoted. little effort to supporting the Valley's public 
schools and cultivating its long-term labor ysupply. While company executives ' 
are increasingly concerned about personnel shortages and the'Heteriorating quality 
of , public education, they do not view education as a high priority issue. More- 
over, most firms do not seem sympathetic to Increased state funding^for schools, par 
ticularly if it leads to higher taxes <n Many feel that California schools are so 
poorly managed that administrators would waste any additional monies that were 
provided'. They believe that school officials are. not sufficiently aware* of the 
demand for high technology personnel and the consequent need to change school .* 

curricula and student career awareness. Some executives also claimed that school 

ir 

officials' are difficult to work with because they are . so slow <to l change. Many, 
deplored the impact of teachers' -collective bargaining efforts on .the school 
environment. Rather than lobbying for an increased and stable source of funding • 
for -schools, executives would rather focus company efforts on providing support 
for high technology programs in specific schools. It is possible, however, that , 
greater support for California public education may' eventually be forthcoming 
from a newly formed task force; of the California Roundtable, a group which rep- 
resents the largest firms- from all business sectors in the state. 

A few company officials were sympathetic to the financial condition of 
public schools. One exasperated manager; who has long been interested in building 
ties to public schools, accused his company (and others) of being greedy and 
self-protective. "The companies are. always looking for an immediate return on 
-their investment" when they contribute to educational programs, he claimed. In- 
deed, one company official admitted that the firm built close .ties to schools 
only' when personnel shortages were greater, and then loosened those ties during 
recessionary periods. The situation is perceived much the same way by educators, 
who argue that industry has an overly narrow conception of education, is short- . 
sighted and only concerned with immediate profits, and ultimately could* not be 



r 

- 12 - 



truated. "I wouldn't count on Industry for anything," said one administrator. 
*Thay fait that induetry had profited from Proposition 13 and'had dona little 
with thpsa. tax savings to help the schools. Educators, are acutely aware that ' 
industry leaders hejld them in low regard. ("Industry thinks we are monumentally 
screwing up" admitted one Assistant Superintendent.) Almost all of those in 
iadus^ry and education who have worked together on collaborative efforts point 
to the ^ difficulty ih overcoming, these barriers that exist betweej^ them. The 
»tu«^«uepiciane 4 d organizational obstacles which have characterized business- 
education ralationa j over the years era nothing new. What is new is the shift ".' 
in the nation's economy toward high technology and the jgrowing demand for 
well educated personnel. Yet if Silicon Valley is any example, neither the 
schools themselves nor industry is taking major- steps to. strengthen existing 
programa or develop Jiew ones that reflect this economic transformation. 

' i ' ' 

■IV II. THE COMMUNITY COLLEGES . . 

' " • ' v ■ \ - 

The community colleges are more responsive to emerging corporate needs. 
The colleges are mandated" to respond to 'local market forces, 'have not experienced > 
budget cuteV* aavere as those of the public schools, teach increasingly older 
students who »re aware of career opportunities in high technology firms, and 
have financial incentives which propel them' to structure courses to fit indus- 
trial trends. There are six community colleges in Silicon Valley and all of them 

• heve a n,umbar of programs relevent to the electronics industry. Each vear, the 
schools serve over 100,000 students whose average age is between 25 and 30. 
A recent study of California community colleges found that approximately one 'V 
quarter of the students are real candidates for transfer to a four year college 
while slightly more than a third are enrolling in courses for an immediate 
vocational purpose. 5 Many of these are already working full time and are seeking 
to upgrade their skills. Many community college off iclals>re .fearful of de- 

. dining enrollment in the future as 'they see school attendance rates plummet ing^ 
in their feeder districts. In order to keep enrollments strong, they feel that 
they must develop or expand programs with industry. The budget cuts brought 
about by Proposition 13 have also led schools to seek out industry donations 
of equipment. A number of industry officials pointed out that as a result of 
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'these forcea, community collegea have become much more aggressive in seeking to 
develop mora cooperative relatlonahloa with Industry. y 

Most industry and education off lciala believe £hat conmunlty colleges are 
responding aa well es possible to the personnel requirements of the firms in the 
velley. The veriety end size of programs relevant to^ high technology companies 
la iapraeeiva. Miaelon College wes established two years ago with a mendate 
to coordinate programs with the neighboring^iectronics compsniea. A look 
et the tentetlve five yeer plan of DeAnze College 36 shows that they are very 
concerned with responding to local market forces. Foothill College has highly 
regarded technology programs, Including an A.S. degree in semiconductor proceasing 
the only one of its kind in the netion. San Jose City College hes the oldest 
electronics technology progrem in the Valley and also of fers a range of other 
courses^ relevant to high technology firms. The offerings at West Velley and 
Evergreen Community^Colleges elso include e number of courses and degree programs 
in technical areas. The feet that these schools are relatively successful in 
this regerd -may help*explain why soma compenies heve not made education a high 
priority issue. Enrollments in e^ctonics technology and computer programs have 
increased significantly in the last few years. "We could fill up all the com- 
munity colleges in the Valley with just electronics students" claimed one admin- 
istrator. Several of the colleges teach approximately 1,000 students each a 
yeer in either their electronics' or computer courses. All agree that even 
these numbers do not begin to fulfill the personnel demands of companies, but 
many business executives reelize that financial constraints make it difficult 
fb-r the colleges to do much more.. Still, some argue that community colleges 
are even then not sufficiently vocational in orientation. ( J 

There are a variety of direct and indirect ties between local industry and 
community colleges. Employer advisory committees exist in all of the vocational 
programs, a reletlonship that haa been'a fairly satisfactory one from the point 
of view of both industry and education people. One college went beyond that 
end hired consultants from industry to develop an electronics curriculum when it 
wes in its formetive stages. A number of companies make equipment donations to 
. the schools although the gifts are fairly sporadic and cannot be counted on by 
edminiatretors. Some of these gifts have been fairly substantial— e.g. Intel 
donated $85,000 worth of new equipment to the electronics technology program 
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at Mission Collate whan it vaa foundad two yaara ago. Hawlett-Packard gave 
the/ aquipnant for a self -paced alectronlca leerning laboratory to naarby 
Co^.a§« of San Matao. Intal, National Semiconductor and Fairchild provided 
•oms of tha electronics laboratory facilities at Foothill College. - A few 
alectronlca companies have cooperative or work experience programs Involving 
community collage students. For example, fifty Intel employees receive released- 
tlme from tha company to attend the electronics technology courses at' Miss ion 
College until they receive a two year degree. Then, the students are promoted 
by the company and return to their full time employee status. There are also 
esses of companies allowing the colleges to come In and use their equipment 
In e course— e.g. DeAnze College uses the Raima facilities to teach a course 
In computer-assisted dref ting. 

Another link between Industry and the community colleges is provided by the 
lerge numbers of pert time teachers who ere "moonlighting" from their Jobs In 
high technology "firms. Some college departments' rely heaviiy on these teachers. 
The Engineering and Technology division of one college, for example, employs ten 
full time staff end 90 to 120 part time teachers. There are obvious problems 
associated with such massive tempo rsry hiring— difficulty in evaluating teaching 
performance, constant hiring efforts, and lack of regular faculty to develop 
curricula and handle department business. . However, the advantages are that the 
teachers are up-to-date on industrial practices and curricular emphases can be 
shifted quickly without having to retrain tenured faculty. Oftlmea, the part 
time instructors provide advice on updating tha curriculum. It should be noted „ 
here that there ere only a handful of quelif led applicants for full time positions 
in technical departments'. An opening for a professor in semiconductor processing 
at one school has not had a'singla epplicant in the last year. 

The community colleges have et tempted to reach more students by providing 
courses et sites ewey from the campus, including company plants. Most of the 
companies studied offered such courses in their buildings, usually after hours, 
for the convenience of" their employees. Sometimes the courses are part of the 
firm's trsining program. In this case, the classes are either funded by the 
community college as 'long as they are open to the public 37 or, if they are closed 
to company outsiders, the company pays for the course (a "contract ° course") . 
Occaeionally, the company has some say in, the selection of the instructor. The 
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colleges are eager to help provide company training in either of these two ways. 
The Internal training programs. of firms in the Valley are expanding rapidly for 
several reasons: the technology is changing so fast that workers must be fre- . 
quantly retrained; with high housing costs making recruitlment from other regions 
difficult, it makes sense to upgrade and retain workers already on the payrol^; 
and companies need to make up for writing and mathematical deficiencies that workers' 
Increasingly bring with them. Industry managers interviewed were evenly divided 
on the issue of whether community colleges should play a greater role In company 
training programs. According to most observers, the need for community college 
Involvement in corporate treining is greatest among small firms who cannot afford 
an elaborate internal training program, but there are many bureaucratic obstacles 
to forming training consortia among these- companies. For the most part, business 
managers were peeesed with the quality of community college courses offered in 
their plants although there were a couple of cases where firms felt that a school's 
training' materials were disappointing. 

Id all of. these ways, then, the organization and curricula of community 
collages do reflect the needs of companies in Silicon Valley. The relationship 
between education and business is an uneasy one, however. There is a fundamental 
difference between the profit oriented, shorter term goals of industry and the 
longer range perspective of. non-prof it educational organizations. Schools move 
slowly in hiring full time faculty and creating new programs and courses. These 
decisions may take as long as a year. In contrast, Silicon Valley companies 
change personnel and policies rapidly. In one company, the personnel director 
hired engineers in such quick fashion that he was forced to rely on telephone 
calls and telegrams rather than letters. The famed Silicon Valley management style 
stresses Informality, , innovation, a minimum of bureaucracy and a downplaying of . 
status differences in the organization? 8 The contrast between the cubicles of 
top management In several leading electronics firms and the traditional of flees 
of educators and executives in other companies is striking. It is no surprise 
that executives In these businesses become frustrated with what they perceive as 
the glacial pace of educational change. Community college educators, for their 
part, ere cautious about fashioning programs carefully tailored to a particular 
company's requirements. Some feel that • personnel demands are volatile and unpre- 
dictable, and that companies' support for their programs is sporadic at best. 
Educators '''attitudes toward industry have an' ambivalent quality: on the 
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one hand, they ere critical of Industry 9 ! motives and reliability but, on the othar 
hand 9 thay ara still aagar to acconnodata industry's needs. 

Msny managers would Ilka tha community collages to drop liberals arts require- 
ments for the two year degree and adopt a mora specifically designed vocational 
program, similar to those of proprietary schools. They would also prefer that 
the colleges offer more courses of flexible length (some a few days, .Qthers a 
few months), beginning and ending at times that vary from the traditional academic 
calendar.. According to this prescript ion,. course content would change frequently, 
end a particular claas might be offered only once and then dropped when no longer 
needed. Educators, who see their schools as stable institutions with long-range 

plans, claim that industry does not know its own needs, articulates them poorly 

39 

when it does know, and fails to develop future plans. "Anyone in Industry who 
thinks even lis months into the future is a visionary 91 commented one electronics 
professor. Thf colleges find It difficult to respond to a corporate environment 
where change is endemic. A 

The rapidity of technological change in the electronics industry poses, other 
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problems for the community colleges as well. "Everything is in a change mode" 
observed one educator. All, of tha community college personnel interviewed felt 
that it was extremely difficult if not Impossible for them to have atate-of -the- * 
art equipment for training purposes. Most felt that certain programs, such as 
computer-assisted drafting, microwave technology, and vacuum technology, would 
have to utilize company equipment on-site or the courses could not be developed. 
Yet some firms object to on-site courses using their, facilities because of their 
feara that students will damage expensive equipment or that company secrets will 
be exposed. (Concern with secrecy also makes some of them wary about phelr 
employees revealing too much proprietary infprmation when "moonlight ing" as 
instructors.) Company donations of equipment have been helpful but insufficient 
to meet schools' needs. Cuts in equipment budgets since Proposition 13 have made 
matters worse* 0 There is also the problem of keeping full time faculty up-to-date 
in their area of expertise. Some schools appear to have been more, successful than 
others In utilizing incentives to insure faculty" competence. 

Another obstacle to cooperation between industry and the community colleges 
is the rapid turnover among corporate personnel. The American Electronics Association 

estimates average annual turnover of personnel in electronics firms at 35 percent 
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a year overall end as high as 59 percent in small companies. "Training directors 
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turn over Ilka popcorn" said the director of one technology division In a local 
collage. Many in both Industry and the community colleges report that when they 
triad to develop a collaborative program, it fell through because the company 
contact changed Jobs. The turnover rate "must drive the colleges bananas" acknov- 
lagad one training official at a semiconductor company. The organization of 
tha companies themselves is often in a state of evolution as wall. Firms merge 
or are bought out, new ones appear overnight, and product lines appear and dis- 
appear. Tha stepped-up tempo of change which characterizes high technology 
Induftry Intrinsically makes it difficult for schools to react in a satisfactory 
way. v 

Man y companies are ambivalent about having their employees receive further 
training on tha Job or in tha community colleges. They want to retain their workers » 
which often requires opening upward career paths for them, but then fear that 
upgrading will cauae these same employees %o Jump to a better paying Job at another 
company. Line supervisors resent losing workers for releaaed-tlmed courses. During 
periods of expansion, employees are often required to work overtime and have to 
drop out of night classes. There are some firms which take a longer range view 
and offer nployees incentives (relaased-time) and rewards (promotions) -for completing 
an entire degree program or a certificated course of study. However, many firms 
give very little in the way of encouragement in this* regard. Also, the short term 
interest of some companies leads them to hire students away from community college 
programs before they have completed the course of study. This trend helps account 
for the fact that the great majority of students wtjp take courses in technical 
areas do not receive a two year degree. Fear of companies hiring students prior ft 
to graduation has led one college to forbid corporate recruiters from Interviewing 
their electronics technology students. One company offered to hire all the graduates 
In the electronics technology program of one college sight unseen, an indicator of 
• tha intense demand for trained personnel in this field. 

The operation of the California Wdrksite Education and Training Act (CWETA) 
providea a case study of the difficulties which can beset efforts of industry- 
education consortia to create workable programs. The $25 million dollar CWETA 
bill was paasad in 1979 as a result of electronics industry leaders 9 expressions 
of concern to Governor Jerry Browfa that community colleges were doing- an inadequate 
job in training skilled workers. The Act provided money for community colleges 
to work with firms in training structurally unemployed workers for entry level 
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jobs In Industry and for training lower level workara for more highly skilled 

poeitione. The companlea were to provide facilitiee, released -time and, finally, 

a promise of joba at the end of the training period. The California Employment 

Development Department (EDO) una given the job of administering the program. 

Almost everyone interviewed in this study felt that CWETA vaa not only "too little 

too late (approximately 1100 electronice employ aea have been slated for training 
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as technicians thus far), but vaa also so bedeviled by bureaucratic red tape that 
the program was not worth the expenditure of so much time and money. Induatry 
people criticised aspect a of the curriculum of the conmunity colleges and their 
rigidity in credentialing appropriate Inetructors, and college people felt that 
company-based instruction was too narrow. Many companlea, caught in an Induatry 
slowdown, loat intereat in participating when they realized they had to guarantee 
Joba to those completing the program. Both Induatry and education personnel criti- 
cised the coordination efforte of EDO. An exception to this general reection is 
the apparent success of the $2.5 million CWETA electronics program sponsored by ttye 
College of San Mateo. Officlala at the college and cooperating companlea are anthusl- 
aatlc about that program. 

Despite these difficulties, however, there is e good deal of eagerness on both 
aldaa to develop more collaborative pro grama between community colleges and Silicon 
Valley induatry. Schoola and companlea that have employ eea working full time as 
negotiators and brokers arranging contacts between the two institutions have the 
greateat success in establishing cooperative programs. It is not easy for busy 
rapreaentativaa of different agencies in any sector to develop inter-organizational 
tilla let alone build links between institutions whope goals, values and organizational 
structure are aa variant as those studied here. Notwithstanding the budgetary and 
bureaucratic realities which constrain community college administrators and faculty, 
they appear to be moving in a direction more consonant with the evolving economic 
trends in the area. 

Ill, FOUR TEAR COLLEGES AND UNIVERSITIES 

While high technology flrme and induatry associations are increasingly worried 
about tbJT responsiveness of public school and community colleges to their needs, 
they are moat concerned about the acuta shortage of engineers and computer science 
graduates from undergraduate and post-graduate degree programs. According to 
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W. Edward Leer, Executive Director of the American Society of Engineering Education, 

"we have what la clearly an unstable situation calling for feet corrective action 

43 

if disaster la to be averted in our engineering manpower supply/' Nationwide, 

U.S. Institutions of higher education in 1981 generated only one quarter of the 

four year computer majors sought by Industry, only one tenth of the Master's 

• 44 
graduates required end one quarter of the Ph.D. s needed. California etate colleges 

end universities conferred 299 bachelor's degrees in computer science end 2,129 

bachelor 'e degrees In electrical engineering in 1978-79. T^e U.S. production of 

electrical engineers at all degree levels in 1980 was 17,548, -about the 'same as 

the figure la 1971. Industry officials frequently cite the fact that while Japan 

has half the population of the U.S., it graduates more engineers end its rate of 
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graduates le growing fester than ours. Silicon Valley semiconductor csmpenles 
ere particularly sensitive to this situation since they are in direct competition 
with Jepeneee enterprise. The California Employment Development Depertment projects 
en annual average of 1100 job openings for electrical and electronlce engineers and 

806 openings for computer professionals for the next five years in Senta Clara 
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County alone. Even though the three schools in the county—Sen Jose State Univer- 
sity, University of Santa Clara, and Stanford University produce growing numbers 
of engineering end computer science graduates (as -does nearby University of California 
at Berkeley), the supply clearly will not meet the demand. 

San Joee State University supplies more engineers with bachelor's degrees to 
area firms than any other school. Long overshadowed by the engineering school of 
its eminent neighbor, Stanford, it enrolls approximately, 4000 students in engineering 
(which includes computer science) and granted degreee to 323 undergraduates and 84 
Master's graduates in 1981. (One hundred and twenty-five of the B.S. degrees and 
16 of the M.S. degrees were In electrical engineering.) A leading industry figure 
called the school the "unsung hero of the Valley" for /turning out so many graduates. 
About 14 percent of the University Is undergraduates, whose average age is 27 to 
28, are enrolled in engineering, a typical percentage for a large state university^ 
As job opportunities in the area have eoared, student interest in engineering hasp" 
increased ae well. Enrollment e in the laet seven years have more than doubled \, 
although graduate enrollments have been stable. ^ 

However, ae a reeult of a serious shortage of full time professors, student 
enrollments in engineering at San Jose State are deliberately limited, an tncreas- 
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Ingly conon practice at schools across ths country. Nationwide, almost all V* 

engineering schools and computer science programs are having difficulty recruiting 

engineering faculty. It Is eetlaated that there are approximately 2500 current 
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openings for engineering faculty In the U.S. In 1980, the state college system 
in California lost more engineering faculty than It gained, according to one 
engineering dean. Significantly fever students today are entering and completing 
doctoral degree programs In engineering. There are several reasons for the shortage 
of doctoral candidates and faculty according to a. recent report of the National 
Science Foundation: high Industry salaries prompt faculty to leave academe and 
discourage younger students from pursuing teaching careers; class slzee are sub- 
stantially larger than before; research' support Is more difficult to obtain; and 
univereity f acllltlee for reeearch are outmoded compared with the more exciting 
etate-of-the-ert* reeearch operatlone available in industry* 8 Efforts by San Jose 
State's School of Engineering to peg faculty salaries to a higher scale than that 
of other professors have thue far not met with success. 

Sen Joee State also has a Division of Technology separate from the School 
or* Engineering that offers undergraduates and graduate degreee in industrial arts 
and Industrial technology. Enrollment is high (S20 majors) and graduates are 
eagerly sought by industry. Some companies hire students In the program prior 
to their senior year and then give the students releaaed-tima and financial aid 
to complete the final year. Pev of the industrial arts graduates go into school 
teaching, preferring Instead to work for companies In their training programs. 
Part time teachers from industry, knowledgeable about current trends in the 
field, teach many of the coureee. The program Is suffering, however, from lack 
of money to acquire new equipment. Officials estimate that the Division needs 
at leaat $200,000 for new purchases but had a budget of only $17,000 for that 
purpose in 1981. 

The Univsrsity of Santa Clara, a Jesuit Institution with 7000 students, 
enrolls 600 undergraduates in its engineering and computer science programs (17 
percent of the undergraduate student body) end has 1,000 students in its part 
time graduate program. In 1981, 80 undergraduates received i B.S, degree in 
engineering and computer scienca^ndNlO graduates received an M.S. degree in 
those fields. Like San Jose State, stuMn^Wj^rts^i engineering have grown 
substantially in the last decade— enrolments have jumped by one third in the f 



last few yurs. The graduate Master's degree "early, bird" program, running five 
days a week, 7 to 9 in the morning, Is also increasing in size. Its courser are 
taught by LSO^part tins faculty who also hold full time Jobs in industry, making 
than wall versed in current industrial technology. Enrollment of students in 
undergraduate engineering courses is limited to the better students. The school 
is debating how much it should expand its enrollment. University officials fear 
that a future drop in the labor market for engineers might leave them "high and 
dry" if they expand too much. 

Historically, Stanford University has played a crucial role in the develpp- 
ment of Sill con (Valley. Indeed, rather than merely reflecting industrial changes, 
Stanford's School of Engineering actively created the high technology complex 
under the leadership of its former dean, Frederick Terman. Terman, the "father 
of Silicon Valley," became interested in developing science-based companies with 
close links to Stanford in the lf30s, to be what he referred to as a "community 
of technical scholars." Terman assisted in the formation of Hewlett-Packard in 
1937 and he and the Physics Department provided support in the founding of Varian 
as well In that same year. After the Second World War, when Terman became Dean, 
he expanded the School of Engineering, encouraged faculty and industry people to 
pursue collaborative work, supported faculty in efforts to start their own com- 
panlee, developed the Stanford Industrial Park which rents to high technology firms, 
and began a part time graduate* program open to local company engineers. As Provost 
and, later, as Vice President of Stanford, Terman built up the Chemistry Department 
in a way that encouraged the formation of a new complex of companies in the area, 
specializing in biology and medicine. New biotechnology companies are still forming 
there, drawing on talent in the Medical School and" related disciplines. 

Stanford's reputation for national leadership and excellence in these fields 
remains. In 1981, the School of Engineering graduated 256 bachelor's recipients, 
707 Matter' a degree students and 130 Ph.D.s. Approximately 18 percent of the under- 
graduate student body is now majoring In engineering or pre-engineerlng. The 
awarding of graduate degrees has not dropped as it has elsewhere. Stanford produces 
one out of every eight Ph.D.s in computer sciences in the country. The University 
is in the process of developing, a Center for Integrated Systems (CIS) whose objec- 
tive Is to "train the new people, students and mid-career professionals, and to 
generate the new scientific and technological Ideas that will be required to 
develop very large scale integrated systems (VLSI) to their full potential." 
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The. microelectronics center, one of the few In the v United Statee, will coordinate 
effort* of aeveral discipline* and will produce 30 Ph.D. and 100 Heater's degree 
graduates each year who are billed as the "new breed of systems-oriented scientists 
and engineers." The University's School of Educstion is also just beginning e 
Mas car's program In interective educetional technology which will treln computer 
software personnel for echoole and Industry. lronicallyr / how«ver. the School 
of Education has ejmost completely abendoned its role in trelnlng public school 
teachers In the fields of ^ science and mathematice. 

It should be noted that the California Lagislsture ju*et allocated $2.6 
million to construct e microelectronice center, to be known as MICRO, at the 
nearby csmpue of the Univereity of Californie et Berkeley. An edditional $1 
million of research funds to be matched by Industry contributions wee also approved. 
The impetus for the center cams from Govornor Jerry Brown and executives at Intel, 
National Semiconductor, end Advanced Micro Devices, all' Sil icon Valley aemi- 
conductor firms. This was the first year ttfat high technology corporetions began 
to focus on stste level political action. The original proposal calling for $5 
million of grants for Research to be metched by induatry was scaled down by the 
Legislature, but Brown 'a staff hopes that additional funding will be forthcoming 
in future budgets. MICRO will be run by a committee composed of equal numbers 
of stete government, univereity, and electronics Industry repreeentativea. Most 
of the reeearch money will fund joint lnduatry/academic projects. Brown's desire 
to eeteblieh e center, thet will maintain and further develop his state's tech- 
nological leederahip in microelectronics is being duplicated In other states. The 
North Carolina General Aaaembly has appropriated $24.4 million over the next two 
yeera to aatabliah a microelectronics center In the Raleigh-Durham area, "North 
Carolina's answer to Silicon Valley." The center will be affiliated with five 
nearby universities and, like MICRO, will be run by a committee of Induatry and 
aducetion people. A similar center is being developed at the University of 
Minnesota f inenced by the University and major corporations In the area. Some 
have contributed $2 million each. • Company reseerch facilities will also be 
utilized In that consortium arrangement. 

The ties between industry and schools of engineering are closer than those 
between business and other levels of the educational system. Although neither 
educators nor. the Industry people are fully satisfied with the relationship, the 
links are comparatively strong. Because of Stanford^ intimate Involvement In 
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the cruclon and expansion of electronic and bio -medical firms in the Valley, 
lta relationship with industry is dose and enduring. Approximately 350 employees 
from 50 tru companies^ are enrolled la the Stanford Honors Co-op Program, a 
- part tlma Master's program taught partly through an Interactive television system 
located In the companies themselves, the companies pay their employees 1 tuition, 
double the normal fee, and provide released-tlme. Auditors and "non -registered 
options' 1 (students who take the course Including examinations, hup receive no 
credit for 'It) are also allowed, for a fee. so the courses reach several thousand 
students. Professors grumble about the additional workload these latter students 
generate and companies complain that so few of their employees are accepted Into 
the highly selective Co-op program. Stanford refuses—to expand the enrollment of 
students. The percentage of Stanford engineering -graduate students who are 
supported by business has gone "up. up. up 1 ' in the words of one school official, 
so that now between 25 and 35 percent of the students have their tuition paid 
by Industry. Because of Stanford's selectivity and high tuition, several Silicon 
Valley firms are also developing a similar part time degree program with the 
University of California at Berkeley. 

In addition to ties with Industry through faculty consulting, student hiring 
and the Co-op Program. Stanford runs an Industrial Affiliates Program which 
brings In $1 to 2 million a year to the School of Engineering. In exchange for 
having a special recruitment relationship and access to information about ongoing 
research projects, companies donate an average of $10,000 a year to one of IS or 
16 subgroups of faculty. Each subgroup has some ten contributing companies 
associated with it, and the "faculty can use the funds for whatever professional 
purpose they wish (equipment, travel, fellowships, etc.). The School also has 
an Advisory Board that includes top industry representatives whose function it 
is to review th* School's overall program. The new Center for Integrated Systems 
is being partially financed by corporate sponsors, thus far, eleven companies 
from across the country (including Hewlett-Packard, the only Silicon Valley firm 
of the eleven) have each contributed $750,000 to help construct the new micro- 
electronics center. Ongoing research In this area is now heavily supported by 
the federal government but Stanford officials hope that eventually at least half 

r 

of all research funds will come from industry. Companies can expect to receive 
several concrete benefits from their sponsorship of CIS: 1) they will be 
allowed special opportunities to observe the work of students at the Center and 
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will be given preferential treetaent la recruiting" thsm; 2) although research 
projects will ba spprovsd by a committee eoopoaad only of Stanford personnel, CIS 
will try to tailor raaaarch to tha needs of conpaniaa and will make finding* aveile- 
bla to aponaora; 3) eorporata staff could bo temporary raaldanta of tha lab; and 
4) tha Cantar will davalop state-of-the-art aducatlonal matarlala than can ba uaad 
la* company traiaiag programs. Companlaa which are Affiliataa but not Sponaora 
"will receive a Halted aaapllag of QS activitiea." 51 QS" Director/ John C. 
Llnvlll, bellevoa that eorporata contributions to the Canter and tha aubaaquent 
flow of highly trained graduatee to the companlaa "will ropraaent a new relet ionahip 
between universities sad Industry, coapsrsbls In laportsncs to that which developed 
between univar sit iss and the fadarel govarnaant following World War II." 32 

Sea Joee Stete ead the 'ttaivaraity of Santa Clars alao have a variety of direct 
tiee with Silicon Valley induetry. Both Schoola of Engineering have Advlaory 
Coaaltteee coapoaed of high lavel company axacutivea. Tha edvice of theaa executives 
can ba particularly valuable whan new prograaa ara being developed. Sen. Joee 
Stete solicits corporsts donetlona for its engineering progrsa and has succeeded 
In raising several hundred thousand dollars in the laat year. At Santa Clare, 
If donetlona are aada, they are given to the University aa a whole. Sen Joee 
State off era some graduate lavel engineering courses on-fit* et three companlaa. 
Coapeniee make equipment donetlona to the schools although unlvaraity officials 
dlaegree aa to their ueafulnaea. (Commanta ranged from "we get junk" to "we 
survive off of Industry.") Educetors would like the coap anise to Involve them- 
•elves mors dossly la engineering educetion and develop s dsspsr understanding 
of the problems the schools fscs in scquirlng oodsrn equipment end r ecu i ting fsculty. 

Ths corporations generally devote more time and money to developing good 
relationships with unlvaraity and four year college engineering schools and depert- 
ments then they do with building tiea to community college programa and public 
schools. Many compsniee heve paraonnal esalgnad full time to. college relet lone 
end univeraity recruitment. Executives frequently serve on advlaory boards of the ~ 
schools. Coapsniee such aa Lockheed, IBM, Intel and Hewlett -Pec kard have been 
feirly active in developing tiea to prograaa. .Moat of the larger firms studied 
have established s nationwide program of "key schools" whsreby they terget their 
equipaant donetlona, granta and visits to schools thst srs most likely to meet 
their employment needs. Thsss sf forts to cultivsts fruitful contacts sometimes 
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include San Jose State and the University of Santa Clara, and almost always 

include Stanford. ... • . 

Because of the current crisis' In the supply of engineering faculty, more com- 
panies are considering] stepped up efforts to supplement faculty salaries by hiring 
them In the summer or as consultants, to loan industry personnel to teach, and 
to endow professorships in engineering Schools. Increased equipment donations 
and financial contributions are also befcig contemplated. Electronics companies 
are lobbying in Washington for tax creditor corporate contributions to university 
research and development efforts' The American Electronics Association has v 
established a national blue ribbon committee to formulate plans for corporate > 
action in engineering education. The .Chair of the Committee, Dr. William A. 
Perry,, claims universities and corporations alone should deal with the crisks. * 
He argues that government "is not the appropriate vehicle for action," an opinion 
shared by officials of other industry groups as well? 3 A contrary view, howeVer, 
is expressed by Vincent S. Haneman, outgoing President of the American Society \ 
for Engineering Education, who believes that- ultimately government will have 
intervene. "/The problem we/race is so vast that no one in industry can meet^V 
A large amount of the funds we need will have to-come from public coffers. '" 

Wnile companies are- sympathetic to the financial frob^Lems of engineering ana 
the computer science programs, executives are still critical of the colleges ■ 
for not shifting more resources away f*om liberal arts into technical disciplines. 
Thay feel that liberal arts faculty have tooi much autonomy and influence in univer- 
sity decision-making. Faculty in traditional disciplines are seen as obstructing 
* the development of high technology programs. However, the problems of fiscal 
austerity in higher education in general, the .specter of declining enrollment, and 
fear of fluctuations in labor markets also make administrators^utious about investing 
V heavily in expensive vocational prpgrams without s^^tm^oitaiA^ppoxt, 
In sum, contacts between- high technology industry and technical \pjograms 
in colleges and universities are relatively clos^ Undergraduate student , enroll 
ments in engineering and computer science are growing in Santa Clara Valley, bat, 
the current output of students from undergraduate and graduate programs is still 
not keeping up with the demands of a rapidly growing industry ., 

CONCLUSION •* - 

Public schools have been the least responsive and elite institutions of 
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higher leernlng, •specially Stanford, have been the moat responsive to the demands 
of the high technology economy In Santa Clara Valley. In fact. In the case of 
Stanford, the causal direction is reversed In pert since this university played 
such a significant role in developing the industry. to begin with. Community 
colleges and four year ^universities are making efforts to develop or expend programs 
that are congruent with the need's of acience-baaed local industry. But fho.se 
Institutions ere still struggling to find the staffing and reaourcea heeded to 
establish and maintain thriving programs. 

The public schools, starved for funda and' beset by the conflicting demands 
of many constituent groups, are moving In a direction opposite to the economic 
trends In the area. Industry appreciates the financial dlfficultiea of community 
colleges and universities, but it haa, with a few exceptions, little^aympathy for 
the fiscal condition of the public schools. Managers who were Interviewed did 
not generally believe that an infusion of funds was necessary for upgrading and 
redirecting school curricula. Executives were far more willing to donate funds, 
personnel and equipment to community colleges and universities beceuse students 
were closer in age tb the point of , employment and because funds could be easily 
targeted to specific! programs. Business people want a qtflcVteturn on their 
inves tme nt , something public schools csn rerely deliver. VjMot^Ver, as one prominent 
business* leader observed, even when company executives want to help solve the 
problems of the public schools, "the problems ere so big, so bureaucratic and 
complicated that you don't know where to begin." That sentiment^vss echoed by 
another executive who said aimply "it's hard to know where- to^focua on what to 
do." There are a few signs that high technology companies are beginning, to 
think more abbot "what to* do" as they come to recognize that public schools are 

the core of the nation's educational system, and the system is in, decline relative 

t 

to that of their foreign competitors. 

It is safe to say that educational institutions will never be as responsive 
to Industrial 'demands as the private sector would like. And rapidly developing 
Industries like electronics have special charecteristics which make industry- 
* education relations more strained than they would be in other corporate environments 
If schooling in^sklicbn Valley is any example, the "new industrial revolution" 
may unfold a bit more slowly and unevenly than anyone thought. 
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